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ABSTRACT 

The Zn(I1)  p r e c i p i t a t e  formed wi th  KOH appea r s  t o  c o n t a i n  about  

15-20% Zn (OH) 2 ,  t h e  remainder be ing  ZnO. 

t a t e d ,  p o s s i b l y  a s  Zn(NH3)4 , when Zn( I1 )  is added t o  N H 3  s o l u t i o n .  

While t h e  "3 i t s e l f  does n o t  appear t o  be t r i t i a t e d ,  t h e  e f f ec t  is t o  

i n h i b i t  t h e  fo rma t ion  of t r i t i a t e d  hydrox ide .  

Cons ide rab le  N H 3  is  c o p r e c i p i -  
2+ 

S i g n i f i c a n t  l o s s  of t r i t i u m  through exchange wi th  w a t e r  was 

obse rved  d u r i n g  e x t e n s i v e  washing. The loss  can  be v i r t u a l l y  e l i m i n a -  

t e d  by washing w i t h  t r i t i a t e d  w a t e r .  The procedure  does  n o t  produce an  

abnormal ly  h igh  a c t i v i t y  i n  t h e  p r e c i p i t a t e  i f  it i s  c a r e f u l l y  d r i e d  

b e f o r e  coun t ing .  

A@ is conve r t ed  a lmost  comple te ly  t o  Ag20 i n  less t h a n  1 2  

h o u r s  a t  140pC. The d i f f u s i o n  of oxygen from t h e  i n t e r i o r  of t h e  ma te r -  

i a l  d u r i n g  decomposi t ion  may be s low and t h e  A g O  on t h e  s u r f a c e  may be 

more a c t i v e  t h a n  t h a t  i n  t h e  i n t e r i o r .  

E l e c t r o c h e m i c a l l y - p r e p a r e d  Ago appea r s  t o  e x i s t  i n  a f a i r l y  

u n s t a b l e  s t a t e  i n i t i a l l y ,  b u t  changes t o  a more s t a b l e  form w i t h i n  2 - 4  

weeks a f t e r  b e i n g  p r e p a r e d .  
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OBJECTIVES 

The o b j e c t i v e s  of  t h e  c o n t r a c t  a r e  t h r e e - f o l d :  

(1) The c h a r a c t e r i z a t i o n  of  cadmium and z i n c  anod ic  r e a c t i o n  

p r o d u c t s .  

(2) The t h e r m a l  decomposi t ion o f  s i l v e r  oxide and t h e  measure- 

ment of t h e  r a t e  of decomposi t ion  of  Ago and Ag20 a t  v a r i o u s  

t e m p e r a t u r e s  between 110' and 20OoC. 

(3) The d e p o s i t i o n  of s i l v e r  ca thode  m a t e r i a l  on z i n c  anodes .  

T h i s  r e p o r t  d e a l s  w i th  p a r t s  of  t h e  f i r s t  two o b j e c t i v e s  and w i l l  

be d i v i d e d  i n t o :  (A) t h e  i n v e s t i g a t i o n  of t h e  p r e c i p i t a t e s  of Zn(I1)  

and Cd(I1)  formed by p r e c i p i t a t i o n  wi th  a l k a l i n e  s o l u t i o n s  and (B) 

the rmograv ime t r i c  i n v e s t i g a t i o n s  of  Ago. P r e l i m i n a r y  e x p e r i m e n t a t i o n  

on p a r t  (3) w i l l  beg in  n e x t  q u a r t e r .  

A .  PRECIPITATION OF ZINC AND CADMIUM OXIDES 

I n t r o d u c t i o n  

While t h e  r e s u l t s  shown i n  t h e  p rev ious  r e p o r t  (1) s u g g e s t e d  

t h a t  ZnO was t h e  predominant s p e c i e s  formed by p r e c i p i t a t i o n  wi th  KOH 

and Zn (OH) 2 was t h e  predominant s p e c i e s  formed by p r e c i p i t a t i o n  wi th  

"3.) s e v e r a l  d i s t u r b i n g  o b s e r v a t i o n s  remained unexpla ined  and c e r t a i n  

p e r t i n e n t  q u e s t i o n s  unanswered. I n  a l l  c a s e s  where p r e c i p i t a t i o n  o f  

Z n ( I 1 )  was accomplished wi th  KOH, t h e  t r i t i u m  a c t i v i t y  remain ing  i n  

t h e  p r e c i p i t a t e  sugges t ed  t h a t  only a s m a l l  amount of Zn(OH)2 was formed.  

The c o n c l u s i o n  was based on t h e  assumption t h a t  t h e  on ly  t r i t i u m  remain-  

i n g  was bonded t o  t h e  z i n c  a s  t h e  hydrox ide .  However, t h e  a p p a r e n t  

amounts of Zn (OH)2 ranged from 2 . 2  t o  1 2 . 1 %  (1) wi th  d i s t u r b i n g  s t a n d -  

a r d  d e v i a t i o n s  w i t h i n  each set  of d a t a .  Fur thermore ,  t h e r e  was d e f i n i t e  
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ev idence  of s i g n i f i c a n t  exchange of t r i t i u m  between t h e  p r e c i p i t a t e  and 

wa te r  wi th  t h e  p o s s i b i l i t y  t h a t  washing s e r i o u s l y  reduced  t h e  a c t i v i t y  

of t h e  s o l i d  t h u s  l e a d i n g  t o  an  e r roneous  conc lus ion  t h a t  l i t t l e  Zn(OH)2 

was p r e s e n t .  Two ways i n  which t r i t i u m  might be washed o u t  of t h e  

p r e c i p i t a t e  a r e  r e p r e s e n t e d  by the  f o l l o w i n g  e q u a t i o n s :  

Equa t ion  (1) r e p r e s e n t s  an exchange wh i l e  e q u a t i o n  (2)  r e p r e s e n t s  a 

d e h y d r a t i o n .  The l a t t e r  is less  l i k e l y  t o  be r e v e r s i b l e  t h a n  t h e  f o r m e r .  

I n  NH3 p r e c i p i t a t i o n s  , w h e r e  r e l a t i v e l y  l a r g e  amounts of Zn (OH) 

a p p a r e n t l y  formed, t h e r e  was t h e  p o s s i b i l i t y  t h a t  t r i t i a t e d  NH3 was 

formed and was bonded t o  t h e  z i n c  so t h a t  what appeared  t o  be z inc  

hydroxide  was a c t u a l l y  an ammine complex. 

b u t  cou ld  n o t  be d i s c o u n t e d  a s  a p o s s i b i l i t y .  

Th i s  d i d  n o t  seem l i k e l y ,  

S e v e r a l  exper iments  were proposed t o  t r y  t o  de te rmine  t h e  e f f e c t s  of 

t h e  washing p rocedures :  (a) P r e c i p i t a t e s  were t o  be washed wi th  w a t e r  

and washings ana lyzed  f o r  t r i t i u m  a t  each s t e p  i n  t h e  p rocedure .  (b) 

The washing procedure was t o  be changed t o  make each washing more 

e f f e c t i v e .  

r e a c t i o n  (1) i f  it occurs .  Some of t h e s e  exper iments  a r e  d e s c r i b e d  

be low. 

( c )  The p r e c i p i t a t e s  were t o  be washed wi th  3H20 t o  i n h i b i t  

Experiment  a 1 

Procedures  f o r  p r e p a r a t i o n  and a n a l y s i s  of  m a t e r i a l s  have been 

d e s c r i b e d  i n  t h e  e a r l i e r  r e p o r t s  (1,2). 

Cadmium was p r e c i p i t a t e d  w i t h  KOH and wi th  NH-, a t  25O + 0.2OC.  - 

Zinc was p r e c i p i t a t e d  wi th  KOH and wi th  N H 3  a t  2S0 +_ 0.2OC, a t  55' 5 O . S 0 C ,  
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and w i t h o u t  t empera tu re  c o n t r o l .  

t a t i o n  depended on t h e  t empera tu re ,  l o n g e r  times b e i n g  needed a t  2S0 

t h a n  a t  55'. When t empera tu re  was n o t  c o n t r o l l e d ,  p r e c i p i t a t i o n  was 

performed r a p i d l y .  

The time r e q u i r e d  f o r  each p r e c i p i -  

P r e c i p i t a t e s  were washed i n  t h r e e  ways and t h e  e x t e n t  of wash- 

i n g  was v a r i e d .  

10-15 ml. of w a t e r  t o  t h e  p r e c i p i t a t e ,  s t i r r i n g  t h e  mix tu re  wi th  a 

g l a s s  r o d ,  a l l o w i n g  it t o  s e t t l e ,  and d e c a n t i n g  t h e  s u p e r n a t a n t  th rough 

a f i l t e r  f u n n e l .  

sample .  The p r o c e s s  was s low and s e p a r a t i o n  of  each  washing from t h e  

p r e c i p i t a t e  was incomple te .  The c u r r e n t  t echn ique  is  t o  t r a n s € e r  t h e  

p r e c i p i t a t e  t o  a c e n t r i f u g e  t u b e ,  add 15 m l .  o f  w a t e r ,  s t ir  wi th  a g l a s s  

r o d ,  c e n t r i f u g e ,  and r e p e a t  t h e  s t i r r i n g  and c e n t r i f u g d t i o n .  Af te r  t h e  

t h i r d  c e n t r i f u g a t i o n  , t h e  s u p e r n a t a n t  i s  decan ted  through a f i l t e r  

f u n n e l .  The whole procedure  i s  r e p e a t e d  u n t i l  washing is c o n s i d e r e d  

comple te .  Th i s  procedure  is f a s t e r  t h a n  t h e  p rev ious  one and shou ld  

p rov ide  c l o s e  approach t o  e q u i l i b r i u m  between t h e  wash s o l u t i o n  and t h e  

p r e c i p i t a t e  m i x t u r e .  

U n t i l  r e c e n t l y ,  each washing was done by adding  

From f i v e  t o  f i f t e e n  washings were performed on a 

The c u r r e n t  procedure w d s  modi f ied  i n  two exper iments  by adding  

s u f f i c i e n t  'H 0 t o  t h e  wash water  t o  make i t s  a c t i v i t y  cor respond t o  

t h a t  i n  t h e  s u p e r n a t a n t  a t  t h e  end of t h e  p r e c i p i t a t i o n  r e a c t i o n .  I n  

t h i s  way, exchange of t r i t i u m  i n  t h e  p r e c i p i t a t e  w i th  t h a t  i n  t h e  wash 

w a t e r  shou ld  be minimized. The p r e c i p i t a t e s  washed by t h i s  modi f ied  

p rocedure  were d r i e d  i n  vacuum over  P 0 

2 

2 5  

The t r i t i u m  a c t i v i t y  i n  the wdshings was measured i n  S O - x  samples .  

An i n a c t i v e  sample of z inc  p r e c i p i t a t e  was formed by add ing  

Z n ( I 1 )  s o l u t i o n  t o  c o n c e n t r a t e d  NH The p r e c i p i t a t e  was washed by t h e  

c e n t r i f u g e  method and t h e  washings t e s t e d  f o r  N H 3  wi th  N e s s l e r  r e a g e n t ( 3 ) .  

3 
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R e s u l t s  and Di scuss ion  

The r e s u l t s  of t h e  p r e c i p i t a t i o n s  of Zn(I1)  w i t h  KOH a r e  shown 

i n  Table  1. Each experiment  comprises  a s i n g l e  p r e c i p i t a t i o n ;  groups 

of r e p l i c a t e  exper iments  a r e  s e p a r a t e d  by s h o r t  l i n e s  i n  t h e  middle 

of t h e  t a b l e .  I n  a l l  c a s e s ,  p r e c i s i o n  was poor ,  bu t  some were much 

worse t h a n  o t h e r s .  The wors t  p r e c i s i o n  occur red  where t h e  washing was 

most complete .  Thus,  t h e  average d e v i a t i o n  from t h e  mean f o r  e x p e r i -  

ments (6-8)  is GO%,  t h a t  f o r  exper iments  (1-3) is 23%, and t h a t  f o r  

expe r imen t s  (9-11) is  13%. The p r e c i p i t a t e s  i n  t h e  l a s t  were probably  

more thoroughly  washed t h a n  t h e  o t h e r s  s i n c e  t h e  c e n t r i f u g e  method was 

employed. On t h e  o t h e r  hand,  t he  wash wa te r  used f o r  t h e  l a s t  e x p e r i -  

ments con ta ined  ’H20 which i n h i b i t e d  exchange. 

t h a t  e x t e n s i v e  washing p e r m i t s  s u f f i c i e n t  exchange between t h e  t r i t i a t e d  

3 

This  is s t r o n g  ev idence  

s o l i d  hydroxide and t h e  wash water  t o  cause  c o n s i d e r a b l e  e r r o r  i n  t h e  

a p p a r e n t  hydroxide  c o n t e n t  of t h e  s o l i d .  S t i l l ,  one i s  r e l u c t a n t  t o  

r e l y  on incomplete  washing s i n c e  it may produce o t h e r  e r r o r s  j u s t  a s  

s e r i o u s .  

f o r  d r y i n g  i s  c o n s i d e r a b l e .  

The use  of 3H20 i n  t h e  wash i s  f e a s i b l e ,  b u t  t h e  t ime r e q u i r e d  

The r e s u l t s  of t h e  p r e c i p i t a t i o n  of Zn(I1)  w i th  N H 3  a r e  shown i n  

Tab le  2 .  Here a r e  seen  t h e  e f f e c t s  of more o r  l e s s  thorough washing 

on t h e  a c t i v i t y  i n  t h e  wash w a t e r ,  t h e  appa ren t  Zn(OH)* c o n t e n t ,  and 

t h e  p r e c i s i o n  of t h e  r e s u l t s .  The e f f e c t  of changing t h e  o r d e r  of 

a d d i t  i on  of r e a g e n t s  is a l s o  appa ren t  .. 

Experiments  ( 1 - 3 )  and (7-9)  were i d e n t i c a l  e x c e p t  f o r  t h e  wash- 

i n g  procedure  and i t s  e x t e n t .  The f i rs t  group,  w i th  less  washing,  

shows a h i g h e r  appa ren t  hydroxide content and an  average  d e v i a t i o n  from 

t h e  mean o f  46%, a s  compared t o  60% f o r  t h e  second group.  Experiments  

(4-6) and (10-12) were performed w i t h  q u i t e  d i f f e r e n t  procedures  y e t  
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t h e  r e s u l t s  a r e  more n e a r l y  t h e  same and t h e  averdge d e v i a t i o n s  from 

t h e  mean a r e  2% and 6%, r e s p e c t i v e l y .  The l a t t e r  group probably  gave 

good r e s u l t s  because t h e  H 0 i n  t h e  wash i n h i b i t e d  exchange of t r i t i u m .  

I t  is i n t e r e s t i n g  t h a t  more z i n c  was r ecove red  i n  exper iments  (10-12) 

t h a n  i n  any of  t h e  o t h e r s  r e p o r t e d  h e r e  Experiments  (1-6)  were p lagued  

wi th  t h e  d i f f i c u l t i e s  of working i n  a sys tem f r e e  of  CO t h u s  l o s s e s  

are  t o  be expec ted .  Low re su l t s  i n  experiments(7-9)  may be caused  by 

t h e  ve ry  e x t e n s i v e  washing. 

3 
2 

2 ’  

The h igh  a c t i v i t y  i n  t h e  l a s t  washings i n  exper iments  (7-9) a r e  

remarkable  and have not  been e q j i a i n e d  The washings showed a h igh  

enough count  throughout  t h e  s e r i e s  t o  sugges t  t h d t  more a c t i v i t y  had 

been washed out  t h a n  w d b  o r i g i n d l l q  pre3,ent Even more s u p r i s i n g  is 

t h a t  t h e  t w e l f t h  washlng i n  each of t h e s t  c a s e s  showed c o n s i d e r a b l y  

h i g h e r  a c t i v i t y  t h a n  d i d  t h e  r e d i s s o l b e d  prec  i l j i t a t e s .  S i n c e  t h e  on ly  

s o u r c e  of t r i t i u m ,  presumably,  was t h e  p r e c i p i t a t e  be ing  washed, t h i s  

is d i f f i c u l t  t o  unde r s t and .  T h i s  phenomenon w i l l  no t  be i n v e s t i g a t e d  

f u r t h e r  f o r  t h e  p r e s e n t .  

The r e s u l t s  of exper iments  (4-6)  where a lmost  100% Zn(OH)2 is 

i n d i c a t e d ,  a r e  p a r t i c u l a r l y  i n t e r e s t i n g .  R e s u l t s  shown i n  Table  2 of 

t h e  p r e v i o u s  r e p o r t  (1) i n d i c a t e d  t h d t  p r e c i p i t a t e s  formed wi th  NH had  

r a t h e r  h igh  Zn(OH)2 c o n t e n t  and d e v i a t i o n s  between r e s u l t s  were f a i r l y  

low compared wi th  t h o s e  ob ta ined  more r e c e n t l y .  The d a t a  shown i n  

Tab le  2 of t h e  p r e s e n t  r e p o r t  were s u p r i s i n g ;  expe r imen ta l  s i m i l a r i t i e s  

w e r e  s o u g h t .  A l l  o f  t h e  exper iments  i n  Table  2 ,  excep t  ( 4 - 6 ) ,  were p e r -  

formed by add ing  Zn( I1 )  t o  t h e  c u n c e n t r a t e d  NH3 s o l u t i o n .  

t h e  NH s o l u t i o n  t o  t h e  atmosphere i n  a bu re t  ove r  t h e  long  p e r i o d  

r e q u i r e d  f o r  p r e c i p i t a t i o n  a t  c o n t r o l l e d  t empera tu res  was c o n s i d e r e d  

3 

Exposure of  

3 
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uncles i r a b l e  because NH3 might be l o s t  through e v a p o r a t i o n  o r  the s o l u t i o n  

might be contaminated  wi th  C 0 2 .  

s o l u t i o n - - - j u s t  t h e  r e v e r s e  of t he  procedure  i n  a l l  of t h e  expe r imen t s  

T h e r e f o r e ,  Zn(I1)  was added t o  t h e  NH3 

r e p o r t e d  p r e v i o u s l y .  However, t h i s  method was found t o  be imposs ib le  

a t  55' because t h e  vapor  p r e s s u r e  of t h e  NH3 was t o o  g r e a t ;  t h e r e f o r e ,  

NH3 was added t o  Zn(I1)  a t  t h i s  t empera tu re  on ly .  

s e e n .  The only  s i m i l a r i t y  between t h e  method used f o r  exper iments  

The r e s u l t s  can  be 

(4-6) and t h o s e  r e p o r t e d  p r e v i o u s l y  i s  t h e  a d d i t i o n  of NH t o  t h e  Z n ( I 1 ) ;  

a lmost  eve ry  o t h e r  a s p e c t  was d i f f e r e n t .  

3 

2 One might e x p e c t  NH t o  be s t r o n g l y  c o p r e c i p i t a t e d  by Zn(0H) 3 

o r  even ZnO if t h e  NH were i n  excess  a s  is t h e  case  throughout  most 

of p r e c i p i t a t i o n  when Zn( I1 )  is added t o  NH3. 

3 
2+ If Zn(NH3),+ were formed,  

adsorbed  on t h e  p r e c i p i t a t e  and t h e n  occ luded  a s  more p r e c i p i t a t e  

formed,  t h e  p r e c i p i t a t e  would c o n t a i n  less  Zn (OH)2 than  expec ted  even 

though a l l  of t h e  z i n c  were c a r r i e d  down. On washing,  some of t h e  

ammine complex would be des t royed  and it might be r e p l a c e d  by Zn(0H) 

formed -- i n  t h e  absence of t r i t i u m .  I n  e i t h e r  c a s e ,  t h e  appa ren t  hydrox ide  

c o n t e n t  would be low and be s u b j e c t  t o  t h e  v a g a r i e s  of t h e  washing p r o -  

2 

c e d u r e .  On t h e  o t h e r  hand ,  c o p r e c i p i t a t i o n  of  NH shou ld  be less  if t h e  

NH were added t o  t h e  Zn( I1 )  s o l u t i o n  because t h e  pH would neve r  be h igh  

enough f o r  complex fo rma t ion  and NH3 would neve r  be i n  e x c e s s  e x c e p t  

l o c a l l y  and b r i e f l y  . Thus,  t h e  p r e c i p i t a t e  would be predominant ly  

Zn(OH)2 and ZnO and t h e  hydroxide would be t r i t i a t e d .  

can account  f o r  t h e  f a c t  t h a t  t h e r e  is a h i g h  appa ren t  hydroxide  c o n t e n t  

3 

3 

This  argument 

3 when t h e  p r e c i p i t a t e  is washed wi th  t r i t i a t e d  wa te r  even though t h e  NH 

was a l lowed t o  be i n  excess d u r i n g  t h e  p r e c i p i t a t i o n .  

That  NH3,  i n  some form,  adheres  s t r o n g l y  t o  t h e  p r e c i p i t a t e  h a s  

been  demonst ra ted  by a n  experiment  i n  which t h e  p r e c i p i t a t e  formed w i t h  
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The p r e c i p i t a t e  was formed by adding  Zn(I1)  t o  N H 3 ;  t h e  washing was 

done by t h e  c e n t r i f u g e  t e c h n i q u e .  Only i n  t h e  14 th  washing had a l l  

i n d i c a t i o n  of NH3 d i s a p p e a r e d .  

was washed u n t i l  t h e  washings showed no i n d i c a t i o n  of  ammonia. 3 

Table 3 shows t h e  r e s u l t s  of p r e c i p i t a t i n g  Cd(I1)  w i t h  KOH and 

wi th  NH3 a t  25' 0.2OC. The experiment  wi th  NH was n o t  s a t i s f a c t o r y  

because  l o s s e s  through complex fo rma t ion  were s e v e r e ;  t h i s  phase of 

t h e  work w i l l  n o t  be c o n t i n u e d .  The p r e c i s i o n  of  t h e  KOH p r e c i p i t a -  

3 

t i o n s  is  n o t  s a t i s f a c t o r y ,  b u t  t h e  t e c h n i q u e s  developed wi th  t h e  z i n c  

sys tem may be a p p l i c a b l e .  

Conclus ions  

The d a t a  s u g g e s t ,  a g a i n ,  t h a t  ZnO is  t h e  predominant s p e c i e s  

formed when z i n c  i s  p r e c i p i t a t e d  wi th  KOH; however,  t h e  r e l a t i v e  amount 

of Zn (OH) is probably  g r e a t e r  than  was p r e v i o u s l y  t h o u g h t ,  b e i n g  between 

15 and 20%. 

z i n c  is  p r e c i p i t a t e d  by ammonia. The appa ren t  hydroxide  c o n t e n t  depends 

Zn(OH)2 is s t i l l  cons ide red  t h e  predominant s p e c i e s  when 

on t h e  procedure  used  f o r  p r e c i p i t a t i o n .  Add i t ion  of  ammonia t o  t h e  

z i n c  s o l u t i o n  produces more r e p r o d u c i b l e  r e s u l t s  t h a n  a d d i t i o n  of z i n c  

s o l u t i o n  t o  ammonia. C o p r e c i p i t a t i o n  of t h e  z i n c  ammine complex may 

a c t u a l l y  p r e v e n t  p r e c i p i t a t i o n  of some of t h e  hydroxide  from t h e  t r i t i -  

a t e d  s o l u t i o n  s o  t h a t  t h e  apparent  hydroxide  c o n t e n t  is lower when 

ammonia is  a l lowed t o  be i n  e x c e s s .  

Cadmium p r e c i p i t a t e s  show about  40% hydrox ide .  The r e s u l t s  a r e  

s k e t c h y ,  a s  y e t ,  and more exper iments  of t h e  type  performed wi th  t h e  

z i n c  system a r e  n e c e s s a r y .  P r e c i p i t a t i o n  wi th  ammonia is  n o t  p r a c t i c a l  

a t  p r e s e n t  and w i l l  be d i s c o n t i n u e d ,  

Proposed  Work 

The e f f e c t  of adding  ammonia t o  Zn(I1) s o l u t i o n s  is b e i n g  
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i n v e s t i g a t e d  a t  p r e s e n t .  Washing i s  b e i n g  done wi th  t r i t i a t e d  w a t e r .  

P r e l i m i n a r y  exper iments  t o  de te rmine  t h e  form o f  t h e  anod ic  p r o d u c t s  

a t p o r o u s  z i n c  e l e c t r o d e s  i n  KOH e l e c t r o l y t e  s o l u t i o n s  w i l l  beg in  and 

w i l l  p robably  form t h e  major e f f o r t  i n  f u t u r e  work on t h e  z i n c  sys tem.  

The i n v e s t i g a t i o n  of t h e  cadmium p r e c i p i t a t e  w i l l  be con t inued  

and ,  i f  p o s s i b l e ,  some exper iments  w i t h  e l e c t r o c h e m i c a l  o x i d a t i o n  w i l l  

be s t a r t e d .  

B .  THERMAL DECOMPOSITION OF AgO 

Experiment a 1 

A@ was p repa red  e l e c t r o l y t i c a l l y  a c c o r d i n g  t o  a method d e s -  

c r i b e d  by J o l l y  (4) .  One sample was p r e p a r e d  u s i n g  P t - f o i l  e l e c t r o d e s  

and a n o t h e r  u s i n g  P t - g r i d  e l e c t r o d e s .  Thermograms were o b t a i n e d  a s  

p r e v i o u s l y  d e s c r i b e d  (1) e x c e p t  t h a t ,  f o r  c o n s t a n t - t e m p e r a t u r e  e x p e r i -  

ments ,  t h e  thermocouple was mounted o u t s i d e  t h e  hangdown tube  and 

i n s i d e  t h e  f u r n a c e  a t  a p o s i t i o n  c l o s e  t o  t h e  sample.  Even wi th  t h i s  

m o d i f i c a t i o n ,  r e c o r d e r  n o i s e  was encoun te red  a f t e r  s e v e r a l  h o u r s .  

F u r t h e r  equipment modif i c a t  i ons  a r e  b e i n g  c o n s i d e r e d .  

R e s u l t s  and Discuss ion  

E l e c t r o c h e m i c a l l y  prepared  Ago was i n i t i a l l y  b l a c k  and r a t h e r  

c r y s t a l l i n e  a s  opposed t o  t h e  dark  g ray  powder formed chemica l ly .  How- 

e v e r ,  t h e  b l a c k  c o l o r  changed t o  t h e  more c h a r a c t e r i s t i c  g ray  a f t e r  

s t a n d i n g  i n  t h e  d a r k  f o r  a week o r  two. U n f o r t u n a t e l y ,  no thermograms 

were made of t h e  m a t e r i a l  s h o r t l y  a f t e r  p r e p a r a t i o n ,  so  no comparison 

of  t h e r m a l  c h a r a c t e r i s t i c s  is a v a i l a b l e  a t  p r e s e n t .  F igu re  1 shows a 

thermogram of  t h e  m a t e r i a l  p repared  wi th  P t - f o i l  e l e c t r o d e s .  The form 

is much l i k e  p r e v i o u s  thermograms. The midpoint  of  t h e  second p l a t e a u  

o c c u r s  a t  about  0 .51  which sugges t  t h a t  t h e  samples c o n t a i n  a v o l a t i l e  

i m p u r i t y  which does  no t  show up a t  t h e  h e a t i n g  r a t e  employed. The 
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t o t a l  weight  l o s s  f o r  pure  AgO on h e a t i n g  s h o u l d  be 12 .91% of  t h e  

o r i g i n a l  sample w e i g h t ;  t h e  loss  f o r  t h i s  m a t e r i a l  was 13.30%. A 

s m a l l  amount of m o i s t u r e ,  f o r  example, c o u l d  accoun t  f o r  t h i s  d i f f e r -  

ence  and f o r  t h e  upward s h i f t  i n  t h e  p l a t e a u  of t h e  thermogram. A l t e r -  

n a t i v e l y ,  a s m a l l  amount of Ag203, which might n o t  show i n  t h e  

thermogram, cou ld  a l s o  accoun t  f o r  t h e  s h i f t .  

' F i g u r e  2 shows a t y p i c a l  c o n s t a n t - t e m p e r a t u r e  thermogram of 

c h e m i c a l l y  p r e p a r e d  Ago a t  140°C. The r e s u l t s  a r e  normal ized  so t h a t  

a maximum w e i g h t - l o s s  would be r e p r e s e n t e d  a s  1 . 0 0 0 ,  The w e i g h t - l o s s  

a t  1 1 . 6  hour s  of h e a t i n g  is 48.5% of  t h e  e x p e c t e d  t o t a l  i f  t h e  m a t e r i a l  

had  been reduced  t o  t h e  m e t a l .  The l o s s  co r re sponds  t o  about  97% 

c o n v e r s i o n  of t h e  AgO t o  Ag20 

s u b s t a n c e  l o s t ,  a l t hough  t h i s  is n o t  c e r t a i n  a t  t h i s  t i m e .  The 

maximum w e i g h t - l o s s  found p r e v i o u s l y  f o r  t h i s  m a t e r i a l  was 13.19% of 

t h e  o r i g i n a l  sample w e i g h t .  

Oxygen is  assumed t o  be t h e  on ly  

There is a c u r i o u s  "wobble" i n  t h e  curve  i n  F i g u r e  2 e a r l y  i n  

t h e  h e a t i n g  p e r i o d .  The i n i t i a l  r a t e  of change is compara t ive ly  h i g h ,  

d e c r e a s e s  s l i g h t l y ,  t h e n  i n c r e a s e s  and c o n t i n u e s  t o  f o l l o w  what might 

be c a l l e d  an "expected curve" .  T h i s  r a t e  change h a s  been obse rved  

i n  a l l  c o n s t a n t - t e m p e r a t u r e  thermograms of t h i s  b a t c h  where t h e  temper-  

a t u r e  c o n t r o l  was a d e q u a t e .  ( I t  was n o t  observed  i n  t h e  cu rve  shown 

i n  t h e  l a s t  r e p o r t  because  t h e  t empera tu re  was n o t  w e l l  c o n t r o l l e d  

i n  t h e  i n i t i a l  s t a g e s  of t h e  expe r imen t . )  The phenomenon might be 

c a u s e d  by some h i g h e r  o x i d a t i o n  s t a t e  of s i l v e r  or by t h e  p re sence  of  

m o i s t u r e .  The l a t t e r  seems less  l i k e l y  because one would e x p e c t  w a t e r  

t o  be removed i n  less t h a n  a h a l f  hour  

P o s s i b l y  a more a t t r a c t i v e  s p e c u l a t i o n  is t h a t  oxygen from t h e  

s u r f a c e  l a y e r s  is r e a d i l y  removed a s  soon a s  it is formed whi l e  oxygen 
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i n  t h e  body of t h e  m a t e r i a l  must have t i m e  t o  d i f f u s e  t o  t h e  s u r f a c e  

b e f o r e  it can e s c a p e .  Thus,  t h e r e  would be a r a p i d ,  i n i t i a l  loss  of 

weight  which would s low a s  t h e  s u r f a c e  l a y e r  became d e p l e t e d .  Then, 

a s  oxygen d i f f u s i n g  from t h e  i n t e r i o r  reached  t h e  s u r f a c e ,  it would 

be l o s t  and t h e  r a t e  would i n c r e a s e  u n t i l  an  e q u i l i b r i u m  between t h e  

r a t e  of fo rma t ion  w i t h i n  t h e  s o l i d  and t h e  r a t e  of removal from t h e  

s u r f a c e  was o b t a i n e d .  If t h i s  h y p o t h e s i s  is c o r r e c t ,  t h e  e f f e c t  s h o u l d  

be magni f ied  a t  some o t h e r  t empera tu re ;  it is u n l i k e l y  t h a t  d i f f u s i o n  

rate  and decomposi t ion r a t e  would change i n  e x a c t l y  t h e  same way w i t h  

t empera tu re .  One might e x p e c t  a s i m i l a r  o b s e r v a t i o n  i n  a va ry ing -  

t empera tu re  thermogram i f  t h e  h e a t i n g  r a t e  were changed. 

Conclus ions  

It i s  e v i d e n t  t h a t  Ago is conve r t ed  almost  comple te ly  t o  Ag 0 

There is  evidence  t h a t  t h e  m a t e r i a l  

2 
i n  less t h a n  1 2  hour s  a t  140°C. 

used  is n o t  pure  Ago b u t  may c o n t a i n  w a t e r ,  some h i g h e r  ox ide  of s i l v e r ,  

o r  b o t h .  F u r t h e r  expe r imen t s  shou ld  i n d i c a t e  which it is .  

E lec t rochemica l ly -p repa red  A g O  is a l s o  impure,  c o n t a i n i n g  

e i t h e r  wa te r  o r  a h i g h e r  ox ide  of  s i l v e r .  I n i t i a l l y ,  t h e  m a t e r i a l  

a p p e a r s  t o  be i n  some r e l a t i v e l y  u n s t a b l e  form e i t h e r  a s  a chemica l  

s p e c i e s  o r  a c r y s t a l  form.  This  c h a r a c t e r i s t i c  r e q u i r e s  f u r t h e r  i n v e s -  

t i g a t i o n .  

Proposed Work 

The t h e r m a l  ba l ance  is t o  be f u r t h e r  modi f ied  t o  a l l o w  long-  

term c o n s t a n t  - tempera ture  r u n s .  Cons tan t  - tempera ture  thermograms of 

e l e c t r o l y t i c  Ago w i l l  be made and f u r t h e r  c o n s t a n t  - tempera ture  thermo- 

grams of  chemica l  Ago w i l l  be p rapa red  a t  t empera tu res  o t h e r  t h a n  140°C. 

An a t t e m p t  w i l l  be  made t o  i s o l a t e  t h e  impur i ty  i n  t h e s e  m a t e r i a l s .  
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Commericial Ago w i l l  be i n v e s t i g a t e d  i f  it can be found i n  a r e a s o n -  

a b l y  pure form.  Vary ing- tempera ture  thermograms w i l l  be made a t  

lower h e a t i n g  r a t e s .  
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